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AN INTERPRETATIVE PHENOMENOLOGICAL ANALYSIS OF 
THE EMBODIMENT OF ARTIFICIAL LIMBS


Purpose: To gain an understanding of the embodied perceptual experience of successful prosthesis.
Method: The data for this study were transcripts derived from in-depth semi-structured e-mail (n=21) and face-to-face (n=14) interviews, and the documentary analysis of an e-mail discussion group for prosthesis users. This qualitative data was subject to an Interpretative Phenomenological Analysis.
Results: Analysis of the research data identified six themes in the perceptually embodied experiences of prosthesis users: Adjusting to a prosthetic; The Balance of the Body; Awareness of the prosthesis; The knowing body; The Phantom Becomes the Prosthesis: Extending the Body; and The Prosthesis as Tool or Corporeal Structure.
Conclusion: The often-cited reasons for the rejection of prostheses are frequently part of the initial experiences of ‘successful’ prosthesis users also. This suggests the need to sufficiently motivate potential prosthesis users in the period between an experience of prosthesis use as unnatural and wieldy to one of pre-reflective, natural use. In addition, two broad forms of prosthesis experience were identified: one in which the prosthesis was experienced as a corporeal structure; and one in which it was viewed as a tool. While future work may be able to explore the psychosocial correlates of these experiences, it is nonetheless the case that persons with these differing experiences were able to enjoy the benefits imbued by prosthesis use.

Introduction
Artificial, or prosthetic, limbs are considered a key element in the rehabilitation of both people with acquired limb loss and congenital limb deficiency. 1 These technological aids are often able to restore some of the functions, as well as offering some aesthetic approximation, of an anatomical limb. However, while prosthesis use is seen by many as necessary for the restoration of near normal appearance, for functional independence, as well as substantially ‘repairing’ a damaged body image, the embodied perceptual experience of prosthesis use has not been explored to date. This omission in current research may mean that important aspects of ‘successful’ prosthesis use, which have the potential to inform the rehabilitative process for amputees and people with congenital limb deficiency in general, have been overlooked. 

There are at least two areas of research that are of accepted importance in influencing whether an amputee or person with congenital limb deficiency will begin using and continue to use an artificial limb. The first area of research focuses on factors that influence or are highly correlated with prosthesis use and non-use, while the second concerns the body image of potential prosthesis users. These areas are overviewed in the following sections. 

Prosthesis Use and Non-use
At present, there is a small research literature (primarily taking a quantitative approach) that addresses the issues implicated in the use and non-use of artificial limbs. Khoury2 found prostheses were more likely to be used if the recipient was male and well educated, while Dolezal, Vernick, Khan, Lutz and Tindall3 found that being black (African-American), having low educational attainment, being unemployed, being in ill health as a result of diabetes mellitus and peripheral vascular disorder, and experiencing sporadic phantom pain were all predictors of prosthesis non-use. Hermodsson, Ekdahl and Persson4 (see also Bilodeau, Herbert and Derosiers5) also found male gender to be a predictor of good function with a prosthetic at six months post amputation. 

Williamson, Schulz, Bridges, and Behan6 assessed the role of prosthesis use in the health and well being of amputees. Higher levels of depression were found to be associated with greater activity restriction, and less satisfaction with social contacts. The restriction of routine activities was more prevalent amongst those who reported less prosthesis use. In accordance with Williamson et al. 6, Bilodeau et al. 5 found that degree of prosthesis use and feelings of depression were the best indicators of the satisfaction of the amputees toward their prosthesis.

It has been suggested that many amputees exhibit denial or an inability to deal with prosthesis use that leads to an expressed dissatisfaction with their prosthesis.7 In contrast, Ham and Cotton8 found satisfaction with, and use of, a prosthetic to be associated with increased social integration and an absence of emotional problems. More generally, the relationship between the person with an amputation and prosthesis tends to be narrowly addressed in the available literature in terms of ‘rejection’ and ‘acceptance’ rates9, with reference to various contributing factors. 

Millstein, Heger and Hunter10 propose that for any prosthesis to be accepted and used it must be comfortable, functional and have ‘a pleasing appearance’ (p.31). A prosthetic might only be perceived as useful for particular tasks (e.g. work or recreational activities), meaning it is only worn for part of the day.11 If a prosthetic often breaks down, requiring regular repairs, it may be considered too much ‘fuss and bother’ and be rejected.12  
Similarly, a high degree of energy expenditure involved in using a prosthetic – that is, using a prosthetic limb requires more physical effort and stamina than an anatomical limb - often militates against its habitual use. 13 Finally, the motivations and expectations of the would-be user have sometimes been described as lacking or unrealistic, 9 leading to disillusionment and rejection.

Body Image, Amputation, and Prosthesis Use
There is a large (and, once again, primarily quantitatively oriented) research literature that addresses the body image in amputation14 and prosthesis use.15. Wilson and Krebs16 state that the person who undergoes amputation needs to deal with the reality of physical mutilation as well as a revision in their body image. Rybarczyk, Nyenhuis, Nicholas, Cash and Kaiser17 note that anecdotal reports have suggested a relationship between a negative body image and psychological maladjustment to a leg amputation. An early study by Noble, Price and Gilder18 found that when the projective Draw-A-Person Test was given to people who were rated as poorly adjusted to their amputation, they drew the missing limb as either larger or more exaggerated than individuals who were well adjusted. Similarly, Pucher, Lickinger and Frischenschlager19 found amputees suffering from phantom limb pain tended to have an image of their bodies as complete and undamaged.

The relationship of the body image of people with amputations (as gauged by responses to questions such as ‘Do you avoid being out in public because of your amputation and/or prosthesis?’) and psychosocial adjustment to a leg amputation has been explored by Rybarcyzk et al. 17 These researchers examined the body image of amputees and the extent to which they perceived social stigma. As well as developing a measure of body image disturbance, these researchers also developed a measure of perceived social stigma resulting from amputation. Psychological adjustment to amputation was assessed by using the Centre for Epidemiological Studies Depression Scale, and quality of life and prosthesis ratings. The findings indicated that body image was an independent predictor of all 3 adjustment measures after controlling for effects of age at the time and site of amputation, time since amputation, self-rated health, and perceived social support. While the perceived level of social stigma contributed to the level of depression experienced by amputees, this was not the case for the other 2 adjustment measures. 

Breakey14 also surveyed people with lower-limb amputations to examine their self-perception and psychosocial well-being. A person’s level of body image satisfaction was significantly correlated with their degree of life satisfaction; so that the more satisfied they were with their body image the more satisfied they were with their life. A later study by Fisher and Hanspal15 found that body image disruption, anxiety and depression were generally not common in established limb wearers, except for young people with traumatic amputations. In a recent study, Wetterhahn and Hanson20 have explored the relationship between lower-limb amputees’ body image and level of participation in physical activity. A significant difference was found between those participants who were active and minimally active, with active participants having a more positive body image.  

Murray and Fox21 examined the relationship between prosthesis satisfaction and body image in lower limb prosthesis users, and the gendered variations within these relationships. For men, only higher levels of satisfaction with the functional aspects of a prosthetic were appreciably correlated with lower levels of body image disturbance, while for females higher levels of satisfaction with the functional, aesthetic and weight aspects of a prosthetic were all significantly correlated with lower levels of body image disturbance. For the whole sample, higher levels of both overall satisfaction and functional satisfaction with a prosthetic, and lower level of Body Image Disturbance, showed significant correlations with higher levels of hourly use per day. However, when the data for males and females was separated, females demonstrated significant correlations between all levels of satisfaction with a prosthetic and number of hours of use per day. Only functional satisfaction with a prosthetic was significantly correlated in this manner for males. These findings contradict those of Gallagher and MacLachlan22 who found a correlation between functional satisfaction and the number of hours per day that a prosthetic was used, but who argued that because of the concealability of a lower artificial limb, aesthetic satisfaction can not be expected to predict prosthetic usage. However, Gallagher and MacLachlan did not separate their data to look at gender, and so may have overlooked similar relationships. 

In contrast to the use of body image in the aforementioned literature as a positive or negative perception of the altered body for the prosthesis user, there is a sense in which body image has been used in the literature to refer to an incorporation of the prosthetic into the motor and behavioural ‘idiom’ of the person’s body. For instance, Scarry23 reports that the medical community working with prosthesis users often talk of the need to transform the prosthetic limb from an ‘inert supplement’ or an ‘extracorporeal structure’ into a corporeal one. Similarly, a number of researchers have proposed that an artificial limb may become ‘part of’ the user. To date, the available texts upon this topic have been theoretical24 or speculative25 with only a few being informed by empirical study.26, 27,28 

Of these studies, those of Fraser, 26 McDonnell, 27 and McDonnell et al. 28 are of particular note. Fraser26 observed and compared the movement patterns in a proficient user of an upper artificial limb with those of the other, anatomical limb. She argued that if an artificial limb were to become ‘part of’ the user, then it might be expected that the movement patterns of the prosthetic and anatomical limb would be similar. Fraser, in fact, found evidence of this. However, Fraser’s criteria for a prosthetic becoming part of a user is couched in observable behaviour and measurable performance, rather than the prosthesis user’s own report of phenomenal experience.

Anecdotal as well as empirical evidence of ‘prosthetic adaptation’ - a process in which prosthesis users overestimate the length of their residual limb as the result of prosthesis use - has been reported by McDonnell27 and McDonnell et al. 28 These researchers propose that this finding is the result of long-term exposure to discordant forms of sensory information; the visual, proprioceptive and tactile aspects of this prosthesis use. In as much as prosthesis use leads to the overestimation of the length of residual limbs, it may be argued that the prosthesis has become part of the user’s body image.

The research discussed above is indicative of the impact that amputation and congenital limb deficiency may have on a person’s body image, health and well-being. In fact, Pereira, Kour, Leow and Pho29 argued that some prostheses can not only restore near normal appearance and form, but can also substantially ‘repair’ the person’s damaged body image. From such a claim it might also be extrapolated that, as a result of such body image repair, the psychosocial health of prosthesis users could also be improved. However, while a number of factors that lead to rejection of prostheses have been identified, along with theory and research on how prostheses may be incorporated into the body image of recipients, there has not yet been an exploration of the embodied perceptual experience of prosthesis use by people who have chosen to use prostheses and continue to do so. 






The requirement to use prosthesis user's themselves as experts upon their own experiences necessitated a qualitative approach which would allow access to people's own experiences. Semi-structured interviews were considered the primary method of achieving this.30 A novel approach to this method was decided upon. In addition to traditional face-to-face interview methodology, it was decided to interview participants via electronic mail.31 This would increase the geographical diversity of the sample and allow prolonged contact between researcher and participants in which the transitional nature of prosthesis use could be examined. 
In addition, the analysis of naturally occurring talk32 by prostheses users regarding their experiences was considered desirable. Therefore, an additional method used was to analyse the communication that took place on computer-based discussion groups dedicated to issues of prosthesis use by people with amputations and congenital limb absence. All the posts made over a preceding two-year period were considered as material for documentary analysis, supplementing the data gathered via interviews.

Participants
A total of 35 participants were interviewed (16 males, 19 females). Of these, 14 were contacted via an NHS service provider in Manchester, UK and interviewed in person, while 21 e-mail interviewees were obtained via an e-mail Listserv for prosthesis users. Twenty-seven participants were amputees (24 of these were of the lower limb; three upper-limb) while eight participants had congenital limb absence (four of these were of the lower limb; four upper-limb). The age range for the whole of the sample was 16-75. 

Interview Procedures
A list of topics provided a provisional structure to the interview. Face-to-face (FTF) interviews were conducted at an agreed place (interviewees home or workplace, researchers' institution, or the institution responsible for their prosthetic-related services) for a period of approximately one hour. These interviews were tape recorded and subsequently transcribed. In the case of electronic mail (e-mail) interviews, the textual nature of the exchange eliminated the usual time required to transcribe interviews, 33 as participants typed in the data themselves.34 Participants’ communications were stored on both the hard disk of the computer and floppy discs. As with participants interviewed face-to-face, the 'interview' for e-mail participants was semi-structured. Unlike FTF interviews, e-mail interviews involve sequential exchanges over an extended time period.31 In contrast to FTF participants; those interviewed via e-mail were asked only a few questions at a time. There is, then, no comparable length of interview with the above group. Rather, the approach was to invite responses over a prolonged period of time, the culmination of which depended upon participants' willingness to continue, as well as research necessity. This process was repeated until all issues had been exhausted. E-mail participation ranged from two to six months (on average 15 contacts were made per person, although this varied considerably between individuals, from 5 to 60).

Data Analysis




Here I set out the results of the present research with amputees and people with congenital limb absence with regards to the phenomenological embodiment of prosthetics. Analysis of the research data identified six themes in the perceptually embodied experiences of prosthesis users: Adjusting to a prosthetic; The Balance of the Body; Awareness of the prosthesis; The knowing body; The Phantom Becomes the Prosthesis: Extending the Body; and The Prosthesis as Tool or Corporeal Structure.

Adjusting to a Prosthetic
Participants often described becoming familiar with a prosthetic for the first time, or with a replacement prosthetic, as a process of physical and psychological adjustment to a change in sensory information. As such this experience spoke of the perceptual nature of prosthesis use:

Even us simple BKs [below knee amputees] have to go through a lot of adjustment, both from a mechanical standpoint and a mental one --- becoming acclimated to the new sensation from a different prosthesis. [WR-EI]

Such an adjustment was an on going activity, in which the body and prosthesis were continually changing, with periods of ‘good’ and ‘bad’ fits:

Fitting a dead thing to your live body is and always will be an imperfect process. The most critical thing is establishing a good fit. Unfortunately your body will change over time, so a good fit today may not feel as good tomorrow, then it will feel great the next day. The body changes in subtle ways that only those that wear artificial limbs can imagine. [DE]
Both the body and the prosthetic needed to be regulated in order to achieve a working partnership. For instance, a controlled diet was often seen as necessary to prevent changes in the shape of a residual limb, or to avoid ‘overloading’ a prosthetic. Similarly, prostheses required good maintenance. The work to achieve this often appeared considerable, but was apparently swallowed up in routines that became automatic, requiring little thought, and, as such, allowed for smooth use:

I like to keep my leg volume up for a tighter fit, so I often pop the leg off, or in public when I’m sitting, I reach down and detach the pin and step on the foot to pull the leg away a few inches. This allows the blood to flow better, and my volume to go up. I monitor this carefully, as some days I tend toward too much volume, so it is an advantage then to keep the leg on longer. I realize some amputees prefer the feel of having the leg on during the day. For me, I don’t know the artificial side at all when I’m up and active, but I don’t like the feel of it if I keep it on a while sitting. [DE]

These accounts reflect the contingent nature of prosthesis use: ‘fit’ is a perceptual experience in flux, often requiring a great deal of ‘work’ (diet, maintenance) in order to achieve reliable and smooth use.

The Balance of the Body
An amputation has varying degrees of impact on an amputee’s experience of body weight distribution and balance depending on the length of the amputated limb. The accounts of amputees in the sample describe an adjustment to this imbalance:
When [post-amputation] I moved around on the bed and when I stood up and tried to move on crutches for the first time, I had to make major motor adjustments to the change in my centre of gravity. It probably took 2-4 days to get used to it, so that I wasn’t tipping in a major way any time I moved a significant amount. However, the most dramatic change that I recall was after surgery. When I attempted to lift the stump, the whole thing shot up into the air because it was much lighter in weight. The brain had not yet become accustomed to the change in mass, so it tended to raise it too high. Pretty weird at the time, but now it’s not so noticeable. [JB-EI]

With gait training and practice with a prosthetic leg, the change in weight distribution could be ‘corrected’.

[The change in weight distribution after amputation was] one of the major problems in rehabilitation. It was difficult to adapt to my new weight distribution, you want to bend over to one side! In rehab they correct that, and you get trained in the fact that crutching and walking with your leg means a different position of your body. It becomes a natural switch over the years. [JM-EI]

Other participants also described this ‘natural’ switch from experiencing an imbalance in the weight distribution of the body, and adopting a more appropriate position of the body, as a ‘subconscious compensation’.

I don’t recall ever having any problems with the change in [weight] distribution. I suspect that for most amputees, it may not be a problem since the “residual limb” is generally favored when standing. This results from a subconscious compensation of balance using the good leg (at least in my case). When the prosthesis is on, I notice no differences. When it is off, then yes, distribution is changed and because the weight of the amputated leg is no longer present, the stump is of little use for counterbalance (again, my personal experience). [WR-EI]

A prosthetic, then, along with rehabilitative training, was often sufficient in mitigating any perceptual change in the balance of the body, the result being no notable differences. While interviewees recounted strategies that now required different behaviours and uses of the body for accomplishing practical tasks, they did not experience an enduring sense of change in the body’s balance with a prosthetic. This was seen by some respondents to be comparable with the little noticed effect when wearing shoes. 

Generally I’m not aware of any weight or balance change due to the loss of the arm, but when I’m lifting a weight with my good arm, I need to lean my whole body away whereas I could have balanced previously by extending the other arm away from my body. ...I’ve never been conscious of a weight/balance change by wearing the prosthesis. I guess we don’t feel our feet get heavier when we wear shoes either, or feel out of balance when we carry a book in one hand. The body and mind somehow compensates for the shifting balance and extra load automatically. [AE-EI]

Awareness of the Prosthesis
Many prosthesis users provided accounts of the changing nature of their use over time, which gave some indication of the temporal dimension involved in the embodiment of a prosthetic. One aspect of this changing experience was the attention and awareness that was given over to prosthesis use. Many participants reported an initial period where prosthesis use required a great deal of thought, periods of exasperation, but a gradual decrease in the amount of attention or awareness of the prosthetic in use over time. For the following participant, such awareness was directly related to the as yet un-automatic nature of their prosthesis use following recent amputation:

...awareness of the [prosthetic] limb involves the mechanics of walking, which is not yet automatic. With this my fourth limb, plus crutches initially post-surgery, plus twice as a child (the second after a serious injury at three years) it tallies up to seven times I have learned to walk. [GB-EI]

With practice and continued use participants spoke of the increasing ‘naturalness’ of prosthesis use, and a decreased amount of concentration needed for this activity. Following a prolonged training period, as well as a period of everyday use, walking with a prosthetic could resemble the intuitive nature of walking of the pre-amputation, able-bodied self. Despite a need to consciously think about the position of their legs before commencing walking, once in movement they could ‘just walk’.

Walking becomes pretty intuitive after the age of three or four; you don’t think about it, you just do it. Now, I do have to think occasionally, such as when I stand up from a chair. I have to think which foot, is that foot in the right position, is it going to hit anything? You do still have to check for things like that. Occasionally I’ll get it trapped under a chair as I stand up. So a couple of times it brings it back to you that you have a problem there. But once moving, in general, it’s pretty much a matter of well I want to go from here to there, and I just walk. It’s intuitive now. [FD-FTF]

Therefore, occasionally, necessary routines ‘brought it back’ or made the prosthesis user aware of their artificial limb. However, for much of the time, a practised prosthesis user could experience intuitive, pre-reflective use. Similarly, the following participant describes his own awareness of his prosthetic limb. Here, the participant explains the sometime peripheral and focal awareness that he has of his limb, and how this awareness or lack of awareness can sometimes be problematic:

[‘How much do you actually notice your artificial leg on a day to day basis? In what ways are you reminded of it?’ is] not an easy question to answer. I think about it, but after 27 years I often do not. Sure, every time I walk I think about it, but I don’t dwell or focus on it. And not too long ago I was lying in bed with my wife. I had removed my limb. We were eating some food I had cooked and I decided to get up and do the dishes. I reached over to take her plate, got up, and forgot I did not have my limb on. I fell on the floor, landing on the distal end of the stump. It was a very frightening thing. Scary. It hurt like hell, and I stayed off it for about a week. So I guess I have reached a point where I am capable of such foolish acts as that and forget my leg was not on. [WR-EI]

It is important, however, to emphasise the variable nature of this experience. While many interviewees provided similar accounts, others related the increase in effort needed to use a prosthetic, the ‘unnatural’ nature of prosthesis use, awareness of which, however, still appeared to decrease over time. 

I am aware of it [the prosthesis] when it’s in my way. When you move sideways or circular, you have to make more effort to swing around your prosthesis. It feels unnatural, so you’re aware of it. That feeling [has] decreased over the years, so perhaps in some ways I’m less aware then. [PW-EI]

A range of activities or phenomena were cited by participants as occasions when an increased awareness of a prosthetic was experienced. As such, different forms of awareness were being discussed - many of which could also be true of awareness of anatomical limbs. Occasionally, participants explicitly used their anatomical limbs as direct comparisons when discussing awareness of their prosthesis. As such, the instances cited did not differ greatly to general awareness of physical extremities.

Many times I do things and am not aware of my prosthesis. ...And of course, the reverse is true. I am sometimes very aware of it... Going upstairs, doing certain things that require me to walk extremely carefully... I also ride a [motor]cycle and use my L)leg [left anatomical leg] to shift gears... But I have been doing it so long I am not really aware of doing it since I am interested in focussing in road conditions.. If I downshift, which I do frequently, I am more aware of how the cycle reacts... slows down and how quickly.. than I am of using my L) foot to shift gears... At other times I suppose I am aware of other anatomical limbs, depending on the activity... I just helped a guy move an air conditioner and I was aware of both my legs, my arms, and my back... [WR-EI]

While prosthesis users’ awareness of and attention given to their prosthesis use varied considerably, there was a general consensus that both awareness and the attention needed for such use diminished over time. In addition, many participants offered instances and descriptions of their prosthetic awareness which were very similar to awareness of anatomical limbs. These users interpreted their prosthesis experience in direct reference to their anatomical experience. As such, prosthesis use shared many properties of general corporeal experience.

The Knowing Body
A further theme to emerge related to the knowledge about corporeal structure that an artificial limb could embody and make available to prosthesis users. For instance, RH, a woman with congenital limb deficiency, recounted an attempt earlier in her life to learn how to play the piano. On one particular week she had forgotten to take her left prosthetic hand with her, and her tutor asked her to ‘just do the right hand, but think where the left hand would be.’ As RH explains, ‘I could not think left handed.’ 

And when I had to think left hand, and play the piano right hand on my lesson, I gave up. Because the man didn’t understand, I couldn’t think about the left hand, because it’s not there. I’ve never had it and I can’t think about the left hand. I’ve no experience. And there’s an old Chinese proverb, ‘I do and I understand, I don’t do and I don’t understand.’ [RH-FTF]

She then explained a more recent occasion when she had had similar difficulties; 

We were doing exercises in the pool. ...you were having to put your right hand to your left knee, and your left hand to you right knee. I was sort of going like this [flails arms], for ages, almost disoriented by limb. There’s one limb not there, I can’t even think left hand. [RH-FTF]

However, it became evident that the prosthetic hand was able to provide RH with knowledge that is usually corporeal:

With the prosthesis, the bit I do understand is holding the hymn book, that [the prosthesis] can hold a hymn book, now I know what it feels like to hold a hymn book in the left hand. Can you understand that? [RH-FTF]

In this manner, a prosthetic limb is able to imbue a form of corporeal knowledge to users. Using a prosthetic becomes a form of knowing - an understanding which is achieved practically and corporeally. RH at once describes the limits and potentiality of a prosthetic hand. While she is unable to perform complex motor acts with the prosthetic, relatively simple activities, such as holding a hymnbook, are made ‘knowable’ to her by virtue of the prosthesis. Knowledge becomes corporeal.

While this was an experience recounted by a number of participants, it is all the more interesting that this was often the experience of participants who had congenital limb absence, and could describe the experience of not only having an artificial limb re-design the ‘natural’ topography of their body, but that it could also imbue the implicit knowledge which is usually embodied. 

The Phantom Becomes the Prosthesis: Extending the Body 
Interviews with participants often revealed senses in which the prosthetic limb was experienced as part of the phenomenal body. Such experiences were often evident in people’s descriptions of phantom limb phenomena, and of direct assertions of the prosthesis feeling ‘part of’ them. The phantom limb phenomenon is a common feature of amputation. Typically, people with amputations report feeling as if their amputated limb is ‘still there’. The experience of a phantom limb as part of the phenomenal body and its potential to positively or negatively impact upon prosthesis experience was apparent in research interviews. Sometimes the phenomenal topography of the phantom limb was so distorted so that it was near impossible for it to assume the same position as the prosthetic limb. However, often the phantom and the prosthetic interlaced into a phenomenal corporeal structure. The following quote is indicative of this. 

It is certainly nice to still feel the [phantom] foot. Primarily, it facilitates the use of the prosthesis because I don’t feel as anything is really missing. So my prosthesis is “natural”. [JM-EI]

Here, the interviewee reports the combinative effect of prosthesis and phantom limb as negating a feeling of bodily loss. Such a view is further elaborated in the following participant’s comment, which further relates the complimentary role of prosthesis and phantom.

Well, in a way, the prosthesis is the visual manifestation of the phantom arm. In other words [...] it merely provides something tangible which represents the imaginary. [KW-EI]

Here, the spatial and topographical correspondence of the phantom and prosthetic facilitates function; namely use of a prosthetic is aided by the sensory experience of the phantom. As demonstrated in the following interview extract, the phantom can ‘become’ the prosthesis, and aid such bodily activity as walking.

When I put on a prosthetic, the phantom becomes the prosthesis to the extent that the notfoot [phantom] is in almost the same position as the Flexfoot [a brand of prosthesis], maybe slightly more rotated. The fit is so good, that it makes walking with the prosthesis easier because of the correspondence between the prosthetic leg and the phantom. [JGY-EI]

However, for other participants, such an experience, where the phantom and prosthetic limb entwine, was a temporary one. A high leg amputation, for instance, meant that an increased amount of concentration was necessary for effective prosthesis use, and this unravelled the feeling that the amputated limb had been ‘replaced’:

It was very interesting to replace the phantom limb with a replacement prosthesis. For some time the prosthesis felt like the real thing when I didn’t concentrate on it. But when one uses a prosthetic for AK [above knee amputation] one has to concentrate on walking all the time at first, so the actual experience of feeling like the limb was replaced was minimal and didn’t last very long after getting the prosthesis. [TB-EI]

The above quotations from participants highlight how a phantom limb and a prosthetic may sometimes, but not always, combine to form a holistic experiential structure.

The Prosthesis as Tool or Corporeal Structure
For many amputees and people with congenital limb absence a prosthetic was often capable of being experienced as ‘part of’ the body. This sentiment was often expressed via interviews, and was apparent in Listserv posts and archives. When asked directly about this issue, many interviewees were unequivocal about this experience:

Interviewer: When you say it’s part of you now, what exactly do you mean by that?

Participant: Well, to me it’s as if, though I’ve not got my lower arm, it’s as though I’ve got it and it’s [the prosthesis] part of me now. It’s as though I’ve got two hands, two arms. [GL-FTF]

Such experiences were a feature for both amputees and people with congenital limb absence. The following quote, from a male with congenital absence of the foot describes the experience of being percipient at the boundaries of the prosthesis:

One of the major factors in my satisfaction with a new prosthesis is how little I feel it. That may sound strange, but to me, my prosthesis is an extension of my body. (I can actually “feel” some things that come into contact with it, without having to see them. [...]) It must “feel” as close to not being there as possible. [DM-EI]

This central theme, where the artificial limb is somehow part of prosthesis users is further elaborated upon in the comments by one female with an amputation:

...many amputees feel that their artificial limb is somehow part of them, a simple example of this is that I wouldn’t like just anyone putting their hand on my artificial knee, even though it is not actually part of my body’s flesh, it is still mine even though it’s a piece of plastic and metal. [JGY-EI]

Here, the prosthetic is incorporated into bodily space so that it too is included in those areas which feel intimately our own. The sense of ownership and spatiality that accompanies corporeal structures is extended to the prosthetic device. An integral part of this theme relates to a sense of completeness engendered by the prosthesis. With amputation and prosthesis use a review of ‘body space’, that area immediately surrounding the body, is required. The prosthesis is felt as completing. 

The prosthetic itself was experienced by some respondents as a source of sensorial experience, as found in the below extract from a lower limb amputee who experienced, in a ‘cruder’ manner than before the amputation, the texture of the ground on the sole of his phantom foot whilst walking. Although this participant was told by doctors that there would be no sensation of the ground whilst the prosthesis was on, this was not the case,
I do sense it [the ground] with the prosthesis on. It is a general awareness of the ground. As I walk, I can feel my heel land, and the foot move forward to the toes. But it is a far cruder experience. The more tired I am, the more aware I am of this. [IG-EI]

Such descriptions from participants convey the experience whereby a prosthetic is incorporated into bodily space and becomes a sentient extension of the body. However, not all participants described their prosthesis as an extension of their body. While for some interviewees using a prosthetic was an emotionally charged affair, in which a sense of completeness and regained abilities were engendered, for others this remained a practical issue. In this manner, artificial limbs were viewed as tools that, in the case of artificial legs, provided imperfect solutions to mobility problems: 

It [the prosthesis] is a tool in the sense that it enables me to do that which would be much more difficult without. [I wear a prosthetic] simply because it allows me to get from point A to B faster and easier than I could on crutches. It permits me maximum freedom of the choices available to me for mobility. And I like being mobile. [DE] 

For some the prosthesis was simply a tool that enabled practical activities. As such, it was an important aid to daily life, a pragmatic aid, but not part of the phenomenal body.

Last year, at age 27, I went back to a prosthetist... I said from the outset that I wanted tools. I wasn’t interested in looking like I had a hand. It isn’t part of my body image and not important to me. He pulled out the electronic hand. I had to stop him and tell him I didn’t want that. I wanted a socket for a swim fin, bike breaking device, things to allow me to be more active and productive. He just didn’t get it, and consequently, I didn’t get anything either. [DE]

The above participant eschewed attempts by others to supply him with a prosthetic arm that tries to approximate the cosmesis of an anatomical limb. As such, prosthesis use was pragmatic:

Using a prosthetic is not a natural thing, because a prosthetic is not a substitute leg, it is a tool which may or may not do some of the things that a leg might have done. If I want to walk again (which I do, very much) I have to do this, I can’t emphasise enough that it is a practical issue. [JGY-EI]






The present study has been able to elaborate the embodied perceptual experience of prosthesis use, including the issue of if, and to what extent, a prosthetic limb can be incorporated into the sensorial architecture of the person’s body. Whereas previous research has focussed predominantly on the behavioural characteristics of prosthesis use in order to ask ‘does the artificial limb become part of the user?’, 26 the present work has elaborated a number of phenomenal aspects of participants’ embodied experience to address this issue.  

For instance, the themes presented reflect the possibility that under certain circumstances a prosthetic can be transformed from an ‘extracorporeal structure’ into a corporeal one.23 Just as McDonnell and colleagues27-28 report a process of  ‘prosthetic adaptation’ – whereby prosthesis users overestimate the length of their residual limb as the result of prosthesis use – the present research has gathered much more elaborate accounts of incorporating the prosthesis into phenomenal body structures. 

The experience of a phantom limb, whereby many amputees feel as if the anatomical limb is still intact, and present in its usual place often played a large part in enabling the incorporation of a prosthetic into the phenomenal body of participants, such as when the prosthetic limb was experienced as part of the phenomenal body, with the phantom and the prosthetic interlacing into a phenomenal corporeal structure.

Participants reported that a decreased awareness of a prosthetic accompanied practised use. In relation to this, Churcher24 has discussed the process of learning a new task, with special attention to the use of prostheses. He uses the example of learning to use a pencil, whereby new physical and informational properties of the hand need to be internalised to adequately use a pencil as an ‘extension of your body’. The prosthetic rehabilitative process whereby a person looses a focal awareness of their prosthesis and is able to use their prosthetic limb as a replacement of their anatomical limb is demonstrative of the process described by Churcher24: the new physical and informational properties that accompany prosthesis use are incorporated and allow the prosthesis to be used as a practical extension of the body.
This is not to say that all prosthesis users have this experience, in fact many did not and described their prostheses merely as practical aids. However, the experience of a prosthetic as part of the phenomenal body was a common occurrence. One interesting aspect of the present research is that not only did prosthesis users experience this, but the prosthesis became a source of perceptual information as well as actionable possibility as part of the prosthesis user’s phenomenological body boundaries. 

Therefore, whereas previous research has found that the increased physical effort associated with prosthesis use13 as well as discomfort experienced when wearing a prosthetic10 often leads to rejection of artificial limbs, the present research suggests that these experiences may be negated with perseverance. That is, the often cited reasons for the rejection of prostheses are frequently part of the initial experiences of ‘successful’ prosthesis users too who, unlike those who ‘reject’ their prosthesis, persisted with using their artificial limbs to find that these negative experiences gave way to a more natural pre-reflective use of their artificial limbs. This may in part explain the association between level of prosthesis use and satisfaction of amputees towards their prosthesis5: time plus use knits together prosthesis satisfaction and pre-reflective prothesis use. Once again, this is not to argue that all prosthesis users would come to have such pre-reflective prosthesis use; indeed, many amputees, for instance, will not have the physical strength (particularly if they are elderly) or a residual limb which affords such an outcome. However, the present research does raise the possibility that many people who could benefit from prosthesis use simply do not persevere to the point where these benefits could be realised.   

The findings of the present research have implications for rehabilitation. First, the data presented herein reinforce the importance of achieving a good ‘fit’ between prosthesis socket and residual limb in initial consultations between limb wearers and prostheticians. However, this ‘good fit’ needs to be recognised as a temporal process which requires the involvement of prosthesis users, for instance in diet, activity, and limb maintenance. If these considerations are not effectively communicated to new limb users, or if such responsibility is shunned, then the possibility of rejection of the limb in everyday life can be expected to increase.

A second implication is that the training of persons to use artificial limbs should emphasise the long-term process involved in gaining effective balance and walking gait with the aid of a prosthetic. The use of an artificial limb is not intuitive to begin with, nor does such use initially feel ‘natural’. However, participants in the present research stressed the process of ‘adjustment’ to using a prosthetic in which there was a ‘natural’ switch and ‘subconscious compensation’ to changes in weight distribution and body balance following amputation and subsequent prosthesis use. It is likely that currently many prosthesis users abandon such use before adjustment takes place in the mistaken belief that their experience will never change. These first two implications suggest the need to sufficiently motivate potential prosthesis users in the period between an experience of prosthesis use as unnatural and wieldy to one of pre-reflective, natural use.
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